This paper describes a unique system for the systematic evaluation of volatile chemicals that may be released to the atmosphere in large quantities. Chemicals were ranked for their potential to cause death or serious injury in a surrounding community in the event of a large release following a rail accident. Two parameters were scored in the risk model:
INTRODUCTION DETAILED EVALUATION OF THE POTENTIAL for death and serious injury posed to a surrounding
A community in the event of a large release of chemicals was performed for the Union Pacific Railroad Company. This effort was conducted in two phases: (1) an evaluation of the risks of lethality and (2) an evaluation of the risks of sublethal effects and validation of a simplified exposure model presented here. Consolidated Rail Corporation (Conrail) joined in the first phase of this effort, and a preliminary report on lethality was presented by Conrail during a hearing before the Interstate Commerce Commission. ( ? ) Union Pacific and Conrail are major haulers of chemicals (hazardous and nonhazardous) in the United States.
METHODS

Selection of candidate chemicals f o r ranking
Approximately 250 of 750 hazardous materials carried by the railroads were identified as candidates for ranking. Two major criteria were used to select candidate chemicals that pose inhalation hazards: (1) acute toxicity and ( 2 ) appreciable vapor pressure. Most of the candidate chemicals selected by these criteria were liquids and gases. Solids were excluded from the candidate list unless they had the potential to form a vapor or gas upon reaction with air (oxygen), moisture in air (water), or with a body of water adjacent to a spill.
Three other categories of materials were excluded from the candidate list, including (1) materials carried in small cylinders, (2) uncharacterized mixtures, and (3) materials presenting fire, explosion, or radiation hazards. Materials carried in small cylinders were not included because they would not cause a major release and pose a threat to a surrounding community. Uncharacterized mixtures were excluded, since the components could not be adequately identified for evaluation. Mixtures containing toxic chemicals were ranked on the basis of the most toxic component. Fire hazards were excluded because they represent different types of potential problems to surrounding communities, and a system is in place t o respond to fires.
In addition to the problems posed by fires themselves, combustion products may pose special toxic problems. However, the problem of combustion products appears to be a minimal problem on the basis of limited modeling of thermal plumes generated during fires that indicates that the plume carries the smoke, combustion products, and unburned material high above the source.
Finally, the hazards presented by explosives or by radioactive materials were considered to be beyond the scope of this investigation. These types of hazards are well recognized within the rail industry.
Scoring and ranking
The chemicals were scored separately for their potential to induce lethal effects by inhalation, sublethal effects by inhalation and other routes, and for their potential to form a vapor cloud. These separate scores were combined to produce an overall risk score, which was the basis for ranking. The scores calculated in this way are proportional to risk, but actual risks were not estimated.
In calculating an overall risk score, three parameters were included:
1. A measure of the strength of the source of the plume (vapor pressure) 2 . A measure of the lack of propensity to disperse (molecular diffusion coefficient) 3. A summary measure of the potential for acute lethality and sublethal toxicity
The overall risk score was derived as follows:
Overall score = (Exposure score)(Toxicity score)
Overall score = (VP/D)( 10,000/LCD)( 1 + (SSL/30))
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where V P = vapor pressure at 2S°C, D = molecular diffusion coefficient, LCD = acute lethality data (concentration or concentration score if dose data), and SSL = summary sublethal score. The denominator, 30, represents the maximum score that any chemical could reach for sublethal effects. The scaling factor of 10,000 was used so that whole numbers, not fractions of numbers, would be listed for most chemicals.
Scoring for toxiciry -acute lethality
The toxicity score consisted of two principal elements: an empirical or a predicted concentration for acute lethality and a summary score for sublethal effects. The principal sources of lethality data were the Toxicology Data Bank (TDB) or the Registry of Toxic Effects of Chemical Substances (FTECS), two readily accessible databases of the National Library of Medicine's Medical Library Access and Retrieval System (MEDLARS). Standard toxicology reference texts were also consulted.
In addition, for the highest ranked chemicals and a selection of lower ranked chemicals in the initial ranking, written requests were submitted to shippers for toxicity data that were not included in the secondary databases. If the data submitted by shippers were more conservative (i.e., lower lethal concentrations or doses), these data were used in place of the data found in RTECS or TDB. A number of errors in the databases were identified by examination of the underlying primary literature in response to shipper questions and comments.
To achieve the most consistent comparison between chemicals, LC,, data (when available) were used for scoring. The lowest reported LC,, value in any mammalian species was used. LCL, values were used only when no LC,, data were available.
Because LC,, values are calculated based on different exposure times, they could not be compared directly. In order to compare them, the lethal concentration values were corrected for duration of exposure to 1 hour. This correction was based on Haber's rule (i.e., that the product of concentration and time is constant). If the duration were unspecified, it was assumed to be 1 hour.
A committee of the United Nations investigating transportation of dangerous goods took a somewhat different approach to adjusting for duration of exposure, particularly for corrosive chemicals.i2' The US. Department of Transportation (U.S. DOT) has adopted a similar approach.''' In light of this, the applicability of Haber's rule was tested by analysis of data on two corrosive chemicals, chlorine and hydrogen chloride. Because Haber's rule fit to a reasonable degree, adjustments were made to a I-hour duration.
For 24 of the approximately 250 candidate chemicals, only LD,, data were available. In an effort to include as many chemicals as possible in the ranking, a very conservative scheme was developed whereby the LD,, data could be used to predict an LC,,. The scheme was based upon a ratio between the LD,, for sodium cyanide and the LC,, for hydrogen cyanide. Since there was no LD50 for hydrogen cyanide, it was assumed that the mechanism of toxicity for both hydrogen cyanide and sodium cyanide was similar. Based on this assumption of equivalence, the approximate acute lethal point value for the 24 chemicals was calculated by assuming that the ratio between an LD,, and its LC,, was the same as the ratio between the LD,, for sodium cyanide and the LCso for hydrogen cyanide.
Although predicted LC,,, values obtained in this way were initially treated identically to any LC,, value, subsequent analysis of actual LCs0 data (later provided by shippers for some of these chemicals) showed very large discrepancies. Thus, the inclusion of chemicals in ranking based on predicted Lc50 data according to this scheme is currently being evaluated.
Scoring for toxicity --sublethal [oxicity
Sublethal toxicity was evaluated in three major categorie* injury to major organ systems, teratogenicity, and carcinogenicity. The system used for assigning points was based on the weight of the evidence for effects in humans and animals and the degree of severity of the effect seen. Unlike the evaluation of acute lethality, the evaluation of sublethal toxicity is qualitative and is not related directly to a concentration or dose at which the effect occurs.
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The sum of the total sublethal points, taken as a proportion of the total possible points, was then multiplied by the lethality score to obtain the sublethal score. The maximum sublethality points that could be assigned for target organ toxicity were I5 from among 11 different systems or organs, 10 for teratogenicity, and 5 for carcinogenicity, for a total of 30 points. Thus, if a chemical were to be scored at the highest level for all sublethal toxicity, the overall toxicity score would be twice the lethality score.
To evaluate sublethal effects, it was necessary to evaluate acute exposures (which usually involve limited follow-up), subchronic exposures, and chronic exposures. This obviously required a more extensive review of the scientific literature on each chemical and a larger degree of scientific judgment than the evaluation of acute lethality. While the sublethal toxicity score is principally based on an evaluation of secondary sources, primary sources were also obtained and reviewed for the majority of the chemicals ranked.
Target organ toxicity. The evaluation of target organ toxicity focused on an assessment of the adverse effects that might persist for 6 months or more as a result of a single, large exposure. In reaching a judgment about such effects, an effort was made to assume an effect would occur if there were any reasonable evidence for it. However, when the experimental design could not be considered to be directly relevant to the sublethal effects of concern, corroboration from other studies was sought before assigning points.
Effects seen in human studies from acute exposures received the highest score. Effects in humans from chronic exposure or uncertain exposure conditions were also scored as potential human effects, but only if corroborated by animal studies with acute or subchronic exposures.
Effects seen only in animals exposed to lethal doses were not scored unless these effects were also seen after sublethal exposures, whether single or repeated. This is because failure of multiple organs is common in dying animals. On the other hand, effects observed in studies involving single, sublethal doses were considered adequate to be used without corroboration.
In many instances, it was difficult or impossible to discern from the reports of acute studies in animals whether or not a particular effect was reversible. Such studies are usually designed for other purposes and do not typically follow surviving animals long enough to make this determination in an unambiguous manner. Because of this difficulty, if data were from only a study of acute lethality, the findings would not constitute adequate data for scoring an effect. However, if an effect reported in an acute lethality study was also reported to occur as a result of a study involving single or repeated sublethal exposure, the effect was scored.
In the few instances where no route of exposure was discernable in a report of an animal study, it was assumed that exposure occurred via ingestion, since this is the most frequently used route of exposure. If no route of exposure could be determined in a report of human exposure, it was assumed that the exposure occurred via inhalation. This was the most conservative approach, since inhalation exposures in humans were assigned the highest scores. In addition, the majority of human reports are from occupational exposures, and inhalation is the most likely route of exposure. If no duration of exposure was given in either animal or human reports, chronic exposure was assumed.
If the evidence indicated that effects may occur in humans, the chemical was assigned 2 points for each target organ effected; if there were target organ toxicity data only in animals, 1 point was assigned. If the route of exposure was known to be dermal, the summary score for target organ toxicity was multiplied by a 0.9 adjustment factor, except when the target organ was the eyes or skin. If the route of exposure was oral, the summary score for target organ toxicity was multiplied by 0.8. If the exposure involved any other route, the adjustment factor was 0.4. No chemical received the maximum of 15 points for target organ toxicity. Table 1 presents the scoring system for target organ toxicity, including the type of effects scored and any effects that were not scored. Table 1 also provides a brief description of the reasoning behind many of the inclusions and exclusions.
Terurogenicify. Teratogenicity was the second major category of sublethal effects scored. A teratogenic effect is one that occurs during organogenesis, the period early in pregnancy when the organ systems are developing. Although the major outcomes that could be associated with a teratogenic effect are birth defects, spontaneous abortion, and stillbirth, only birth defects (including developmental and behavioral effects) were used to score for teratogenicity. The potential to cause developmental or behavioral effects in offspring was also included in the evaluation of teratogenic effects because most secondary sources listed these effects as teratogenic effects.
Spontaneous abortion and stillbirth are effects that may occur in the absence of birth defects as a result of exposures after organogenesis. Therefore, these and other adverse reproductive outcomes, such as inability to conceive and failure to implant, were considered as target organ toxicity to the reproductive organs.
In scoring for teratogenicity, only chemicals capable of inducing birth defects in the absence of maternal toxicity were Any chemical that exerts a serious toxic effect on the pregnant female may induce birth defects by a n indirect mechanism, such as depriving the fetus of oxygen or of nutrients.
None of the chemicals evaluated received a full score of 10 points because none were unequivocal human teratogens. In scoring teratogenicity based on studies in laboratory animals, two positive reports led to the assignment of 7 points. A single positive report led to the assignment of 3 points. If the study was conducted using avian embryos (eggs), a common practice in experimental teratology, the total score was reduced by a factor of 0.5.
Carcinogenicity. Carcinogenicity was the third category of sublethal effects scored. Carcinogenicity was scored on the basis of two elements: (1) the potential to induce mutations or other forms of genetic damage (principally in experiments involving cultured cells) and (2) the potential to induce tumors in exposed human populations or in laboratory animals. Chemicals were scored separately for genotoxicity, but the score was limited to a maximum of 1 point of the 5 possible points for carcinogenici ty.
Genotoxicity was evaluated using criteria similar to those used by the International Agency for Research on Cancer (IARC).'$) However, criteria were actually less stringent and hence more risk aversive than those of IARC. IARC requires three positive in vitro tests in two different test systems to conclude that an agent has sufficient evidence of potential human genotoxicity.
Chemicals were scored for genotoxicity on the basis of only two in vitro tests in different systems; such chemicals received 1 point. If the test data for a chemical included only one positive test or more than one positive test but in the same in vitro system, the chemical received 0.5 point.
For scoring the carcinogenicity of chemicals in humans or in animals, the criteria used by the IARC were generally followed.'5) For chemicals not yet evaluated by IARC, the IARC criteria were applied to the conclusions reported by the National Cancer Institute (NCI) or the National Toxicology Program (NTP) based on their cancer bioassays.
Chemicals with sufficient evidence in humans to be placed in IARC's category 1 received a maximum of 4 points. If the human evidence was limited, it received 2 points. If the animal evidence led to an IARC category 2A classification, that is, based on sufficient evidence of carcinogenicity in animals consisting of two well-conducted studies in different mammalian species (usually rats and mice), 3 points were assigned. If the animal data were limited according to IARC, that is, the animal studies were poorly conducted or there was only one species of test animal in which positive results were obtained, 1.5 points were assigned to the chemical.
Primary literature sources were not reviewed in assessing carcinogenicity, and no attempt was made to estimate risks. The scoring was based solely on the degree of evidence that a chemical may cause cancer under chronic exposure conditions in humans or in animals.
Modeling and scoring f o r exposure
Estimation of the air concentration of a chemical as a function of time and downwind distance from the spill is complex. Currently available models are simplifications of these complex events and have limited ability to predict actual plume behavior. However, because the present work was intended t o provide only a relative ranking rather than absolute measure of risk, estimation of the air 
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Heart or vascular system
Type of Effects Scored
Effects scored in this category included permanent damage to the heart muscle (myocardium) or blood vessels. Also scored were effects on the heart rhythm if they were persistent. Two basic mechanisms by which evaporation takes place (depending on whether the chemical is a liquefied gas or a liquid) were used as a basis for scoring: ( I ) flash vaporization of a liquefied gas followed by convective evaporation of the remaining liquid and ( 2 ) convective evaporation of a liquid. Evaporation rates are calculated for both processes and are combined to yield an overall evaporation rate.
Flash vaporization following a spill of a liquefied gas is assumed to occur within 1 minute. The remaining pool is assumed to remain liquid at the temperature of its boiling point and evaporate by convective processes. Sufficient heat transfer is assumed to occur from soil by conduction and from the atmosphere by convection to maintain the pool at its boiling point. Solar radiation is assumed to be negligible, and no thermal resistance is assumed to exist between the soil and the boiling liquid.
Liquids are treated more simply. Since they are transported at conditions close to ambient conditions, emission into the atmosphere is assumed to occur only through mass transfer by convection.
For the purpose of scoring, a simplified exposure model was sought that depended on parameters thai could be readily obtained or estimated. Thus, a score proportional to a chemical's propensity to evaporate and disperse in the environment was defined by dividing the vapor pressure of a chemical at ambient temperature (25"C, 77°F) by its molecular diffusion coefficient at the same temperature.
Exposure score = VP/D where VP = vapor pressure at 25°C and D = molecular diffusion coefficient. For chemicals that are transported as liquefied gases, flash vaporization was taken into account by calculating an adjusted vapor pressure. First, the fraction of each liquefied gas that would flash under adiabatic conditions (no loss or gain in heat of the system) was calculated assuming an ambient temperature of 25°C. This fraction was used to calculate an adjusted vapor pressure:
where VP* = the adjusted vapor pressure in atmospheres, and F.= the fraction of the liquefied gas that flashes.
The results obtained by this method are not generally applicable for all plumes but only to diffusion in uniform laminar flow, some cases of isotropic turbulent flows, and to all cases in which diffusion is
In general, these conditions are unlikely to be found in the environment. For this reason, the results obtained with this simplified exposure model were checked with two other, more sophisticated models: (1) an empirical model of evaporation rate developed by Mackay et al. (7, 8) and ( SPILLS, an evaporation/dispersion model based on Gaussian puff equations, is used by the Association of American Railroads to predict the area of dangerous concentrations in a vapor cloud arising from a spill of a toxic material. Despite the wide disparity in the complexity and data required for each model, the rank orders predicted by each model of a chemical's propensity to evaporate were in excellent agreement with one another.
RESULTS
At this time, shippers are still reviewing the underlying data used in ranking, and the process of evaluating toxicity is not yet complete. For this reason, the scores and the ranks of specific chernicals are not discussed.
Identijicarion of chemicals of primary concern
Although all of the chemicals carried by rail are of concern, it is clear that there are large differences in the potential for harm among them. In an attempt to identify the chemicals of primary concern, which would be the focus of the risk management assessment, three methods were explored: analysis from dispersion modeling (using SPILLS) indicated that concentrations of concern, defined as the LC,, and 0.1 LCso, could not be achieved by chemicals ranked below the group identified as being of highest concern. This provided further confidence (beyond the consistency in the three approaches) that the chemicals of primary concern had indeed been identified.
The distribution of scores did not fit a normal curve but approximated a log normal curve. The method of Velleman and Hoaglin(lO1 is a nonparametric technique, and the results d o not depend on the underlying distribution. The standard deviation in the scores was calculated under an assumption of a log-normal distribution.
Inclusion of points for sublethal toxicity did not change the rankings for the top of the list (approximately the top 20 chemicals). Many of the other rankings were unaffected by inclusion of sublethal toxicity. This similarity is expected, since the method of scoring for acute lethality and sublethal effects was weighted heavily on the lethality data. This similarity and the assumption that the concentration at which sublethal effects occur is roughly parallel to the dose at which lethality occurs appear to be reasonable but are untested. If the assumptions on sublethal concentrations were not correct or if sublethal effects were considered to be of greater or lesser potential importance than lethality, the rankings would be affected.
Validation of the simplified exposure model
Statistical comparisons were performed on the exposure rankings using three different exposure models (the simplified exposure model, Mackay, and SPILLS) and using the risk rankings. In both cases, the statistical tests are valid only with regard to the rankings-not the scores themselves. The statistical comparisons were made with Kendall's X value on the rankings. When the exposure rankings from the simplified model were compared with SPILLS and Mackay models, the correlation coefficients were 0.873 (P < 0.001) and 0.901 (P < 0.001), respectively. The correlations were even better when the comparisons were based on the rankings derived from the scores for overall risk. When the risk rankings for the simplified model were compared to those for SPILLS and Mackay, the correlation coefficients were 0.902 (P < 0.001) and 0.924 ( P < O.OOl), respectively.
The simplified model gave rankings and exposure scores that were highly correlated with the evaporation component of SPILLS, which is a more sophisticated model. Because the correlation is high, rhe implication is that use of SPILLS seems necessary only if concentrations or isopleths (lines I80 CHEMICAL HAZARDS IN RAILROXD INDUSTRY of constant concentrations) are needed. For the purpose of ranking, the simpler, quicker, and less resource-intensive model appears to be nearly as good as SPILLS in ranking the Chemicals of greatest concern.
DISCUSSION
The ranking represents evaluation of the impact of a large release. This is being combined with an evaluation of the factors influencing the probability of release in reaching decisions as part of an overall risk management effort. The factors influencing the probability of release include the number of cars carried, the quality of the track, speed of the train, type of car, amount of protective equipment on the car, and others. The overall assessment will help railroads take steps, if necessary, to reduce the risk,of potential harm to a surrounding community posed by the transport of toxic chemicals by rail.
It cannot be overemphasized that the individual scores calculated by this method have meaning only within the context of the entire set of scored chemicals (i.e., as a number by which these chemicals may be ranked). Thus, the overall scores are proportional to risk within the constraints of the model, but they do not represent actual risk.
Lethality data
The lethal concentration rather than a conversion of this concentration to a lethal dose was assumed to approximate risk. The potential problem with the use of a concentration rather than a conversion to a dose is that the concentrations were studied in different species. O n physiologic grounds, the breathing rate and minute volume for various species will predict a given order among calculated doses for the same exposure concentration. For example, if physiologic parameters predicted the degree of lethality among species, mice will always give the lowest lethal concentration.
However, in a nonrandom sample of chemicals representing a range of toxic mechanisms, the physiologic ordering did not hold when the lethal concentrations were converted to doses. Thus, for some chemicals (and it was assumed that for many chemicals), how the chemical is disposed of by the body (rather than physiology) affects toxicity. Without knowing which species best predicts for toxicity in humans, it seemed prudent to use the lowest reported lethal concentration, even if for some chemicals this favored mice on physiologic grounds alone.
Furthermore, it was recognized that the absorbed dose is likely to differ substantially from the administered dose for volatile chemicals. A reasonably accurate calculation of dose would require additional data that are frequently not available.
In correcting the duration of exposure to 1 hour, it was assumed that Haber's rule applied. The circumstances under which Haber's rule might not hold include exposure to agents that affect breathing rates, such as highly irritant chemicals, and exposure over a long duration. A committee of the United Nationstz' made an exception to correction for duration of exposure for corrosive chemicals, and the U.S. Department of Transportation has taken a similar approach."' Because of the actions of the U.N. committee and the U.S. DOT, the applicability of Haber's rule was checked for two chemicals for which sufficient data existed, chlorine and hydrogen chloride. At lower concentrations, both are irritating, and at higher concentrations, they are corrosive to the lungs. Although Haber's rule was not perfect over all concentrations studied, it did appear to fit well over most concentrations.
Furthermore, Haber's rule has been demonstrated empirically for some agents when either concentration or time is varied. For this ranking, therefore, corrections for duration were made for durations only up to 8 hours at the longest. Most of the corrections were for durations of 2-4 hours. However, the applicability of this rule was not checked for each chemical for which a correction to a 1-hour duration was made, and some error may have been introduced for certain chemicals. On balance, making the correction for duration of exposure appears to introduce less error than not making it. Furthermore, for many chemicals, there are insufficient data to identify potential exceptions to Haber's rule.
Sub lethal toxicity
The qualitative nature of the evaluation of sublethal effects provides a reasonable, though approximate basis for distinguishing the potential to cause harm among chemicals. The assumption is that if a chemical affects more target organs or has more types of effects, it will tend to affect more individuals in an exposed population.
This approach to the evaluation of sublethal effects is a cost-effective alternative. Alternatives that involve the detailed evaluation of doses at which effects have occurred in humans or animals require a number of assumptions about actual exposure conditions, many of which may not even represent the majority of possible conditions, and a considerably longer and larger effort.
Points for target organ toxicity and teratogenicity were assigned based on the likelihood of their occurrence following a single, short-term exposure and a judgment about the potential consequences of such an exposure. Target organ effects may occur among an exposed population following a large spill even if there are no deaths among the exposed. Birth defects may also occur, but they would be expected to occur to a lesser extent than target organ effects partly because the population at risk (pregnant women in the first trimester) is smaller than the population at risk for acute lethality or target organ effects, and partly because not all chemicals are capable of inducing teratogenic effects. Other adverse reproductive outcomes may occur in a larger population (all pregnant women), but obviously not in all those exposed.
Carcinogenicity was assigned poinrs because cancer is a particularly dreaded disease, even though there is very little, if any, definitive evidence to suggest that a single high inhalation exposure can lead to cancer. Nevertheless, up to 5 points were assigned for evidence of carcinogenicity because of potential claims of "fear of cancer" following a sipgle acute exposure to a chemical on the ground that there are data suggesting that chronic exposure may cause cancer. Although chronic exposure data do not reasonably predict the effects of a single exposure, some juries might award damages to claimants based on such evidence. Perhaps with further scientific research, the relationship between acute exposure to chemicals and cancer will be better understood.
Data limitations
Because the scoring approach depends so heavily on lethality data, improvements in the reliability of the data would improve the reliability of the ranking. Comparison between various species introduces some error in ranking, but it is not obvious which species, if any, will predict best for humans. Even if all tests were performed in one species, it is not likely that any species will be the best for the lethal effect of all the chemicals that were ranked.
Furthermore, many of the tests that generated the data on which the scores rely were performed more than 15 years ago and often followed protocols that are inadequate by today's standards. Better and more standard tests would improve the reliability of the ranking, but it is uncertain how much the older protocols or equipment affected the rankings.
Given the secondary sources for data that were used, there may still be some inaccuracies even after review by shippers is complete. A substantial number of inaccuracies were discovered in the secondary databases. The most frequent occurrence of errors was when foreign articles, particularly articles from the Soviet Union or Eastern European sources, were cited. This was cleared up to some degree by translating all articles relied on from foreign sources for the top-ranked chemicals. Despite many errors in the secondary databases, the lethality data used initially for ranking appear, on the whole, to be reliable. However, there may still be errors in secondary sources that have not been identified.
In the evaluation of lethal and sublethal effects, even modern protocols do not exactly test for the situation that could arise from a large release following a rail accident. There are no standard protocols for animal tests that would assess directly the potential for delayed lethal effects nor for the full range of sublethal effects following short-term inhalation or dermal exposure to a chemical vapor. In addition, because exposures in humans are rarely limited to short-term inhalation exposure, most data from human experience involve different exposure conditions than the situation of concern following a large release.
Exposure
One of the primary assumptions of the exposure models used in ranking is that specific exposure conditions will not greatly influence the rankings (although the conditions will greatly influence the concentrations achieved at any given point). It is possible that the wide potential range of exposure situations may greatly enhance actual risks in a way not anticipated by the simplified exposure model or the other exposure models. However, the conservative assumptions made in using these models are likely to mitigate this problem to a large degree.
It is not surprising that the simplified model correlates somewhat better with the Mackay model than with SPILLS. This is because the simplified model and the Mackay model both rely on the same correction for flash vaporization. SPILLS involves a more complicated calculation and leads to somewhat different evaporation rates. Based on comparison of results from the three exposure models, the best approach in ranking chemicals appears to involve the use of the simplified model to initially identify the chemicals of most concern. SPILLS should then be used to verify the ranking and to generate other useful data, such as isopleths or concentrations at a given distance from the potential spill.
